Background: An estimated 4% of hospital admissions acquired healthcare-associated infections (HAIs) and accounted for $9.8 (USD) billion in direct cost during 2011. In 2010, nearly 140 000 of the 3.5 million potentially preventable hospitalizations (PPHs) may have acquired an HAI. There is a knowledge gap regarding the co-occurrence of these events.
Introduction
More than 3.5 million hospital admissions were identified as potentially preventable during 2010. 1 In addition to potentially misallocated resources, potentially preventable hospitalization (PPH) or any hospital admission carries the risk of acquiring a healthcare-associated infection (HAI). An estimated 1 in 25 US hospital patients acquired an HAI during 2011, translating to $9.8 billion (USD) of additional annual direct medical costs nationwide and an increased risk of death. [2] [3] [4] [5] In our review of the literature, we found little research that examined the patient population with co-occurring PPH and HAI. Since HAIs are known to be both physically and financially costly, reducing exposure to HAI risk by decreasing hospitalizations that are potentially preventable may contribute to improved population health. However, we must first understand the composition and prevalence of individuals with a PPH who acquire an HAI during the same hospitalization. This study begins to address the gap in our knowledge about the PPH population that acquires an HAI.
The primary objectives of the study were to: (1) identify and quantify the prevalence and patient characteristics of individuals who experience co-occurring PPH and HAI and (2) estimate the odds of a PPH patient acquiring an HAI during their hospital admission.
Methods

Data
The 2011 Texas Hospital Discharge Public Use Data File (PUDF) contained over 2.9 million summary abstracts of patient-level information from 1 of 576 Texas hospitals. 6 Institutional review board exempt status approvals were obtained from governing research institutions.
Identification of Patients and Conditions
Identification of PPHs and comorbid conditions. Potentially preventable hospitalizations were identified from the PUDF using SAS 9.3 and program PQSAS1 from the Agency for Healthcare Research and Quality (AHRQ) Prevention Quality Indicator (PQI), version 4.5. 7 The algorithms identify hospitalizations associated with ambulatory care-sensitive conditions for 1 of 14 adult or 5 pediatric conditions considered potentially preventable through appropriate use of quality preventive care. 2 Thirty comorbid conditions were identified using the comorbidity software from the Health Care Utilization Project. 8, 9 Identification of HAIs. Definitions and methods of identifying HAI from inpatient discharge data were reviewed, combined, and supplemented as described below for use in this study. [10] [11] [12] The process used for identifying HAI in the PUDF is represented in Figure 1 .
Catheter-associated urinary tract infection. For catheterassociated urinary tract infection (CAUTI), we used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 996.64-complications related to infection from an indwelling catheter in any diagnosis field. Since code 996.64 is associated with underreporting of CAUTI, we used 17 ICD-9-CM codes (Supplemental Materials) to identify urinary tract infection not present on admission. 11, 13, 14 We identified catheterization using ICD-9-CM procedure codes 57.94, 97.62, and 97.64 along with procedure dates to estimate the duration of catheterization. We combined urinary tract infection not present on admission with evidence of catheterization lasting more than 2 days to assign CAUTI.
Ventilator-associated pneumonia. To assign ventilatorassociated pneumonia (VAP), 4 things were evaluated. First, diagnoses fields were examined for the diagnosis code 997.31-VAP. Since 997.31 historically underreports VAP, we looked for mechanical ventilation or intubation codes and 1 of 29 pneumonia infection codes (Supplemental Materials) not present on admission. 11, 12, 15 Finally, an admission was assigned as VAP when (1) a diagnosis code of 997.31 was present in the record or (2) evidence of mechanical ventilation greater than 4 days with a pneumonia infection code not present on admission. 16 Central line-associated bloodstream infections. In the AHRQ Quality Indicator modules, Patient Safety Indicator 7, Pediatric Quality Indicator 12, and Neonate Quality Indicator 3 identify central line-associated bloodstream infection (CLABSI) rates for the adult, pediatric, and neonate hospitalizations, respectively, and prior to availability of electronic health record data, all were endorsed measures of CLABSI by the National Quality Forum. 17, 18 Clostridium difficile infection. Clostridium difficile infection (CDI) was identified by using an ICD-9-CM diagnosis of 008.45. Since CDI can also be acquired in a community setting and requires 2 days of incubation before symptoms manifest, a CDI diagnosis was considered an HAI if not present on admission and hospital length of stay was greater than 2 days.
Exclusion Criteria
Discharge records were excluded when evaluation variables were missing or invalid. Patients with a length of stay greater than 180 days were excluded as extreme outliers. Hospitalizations identified by the PQI for perforated appendix were excluded as there is no ambulatory care-sensitive condition that precedes appendicitis, and hospitalization is required for treatment. Evaluation of the PQI for low birth weight babies was also excluded as the preventive care associated with it is prenatal care for the mother, and there was no means to appropriately link a low birth weight infant with its mother.
Finally, when regression models were applied to examine each PPH, non-PPH patient records were excluded if patient characteristics did not match the epidemiologic denominator population, or patient at-risk population specifications, of the PQI. For example, patients under 18 would not be included when evaluating the adult asthma PPH. Additionally, each PPH associated with less than 10 HAIs were excluded from PPHspecific analyses due to the inability to make meaningful inferences from statistical analyses. This eliminated all pediatric PPH and adult PPH for hypertension, angina without procedure, uncontrolled diabetes, and asthma in younger adults.
However, these subpopulations were included when all PPH were evaluated collectively for an HAI.
Analyses
Period occurrences and odds ratios of PPH with HAI. A correlation matrix that included variables for PPH, HAI, and other independent characteristics was examined for confounding relationships. Period occurrences were tabulated and reported by evaluation variables. Odds ratios were calculated using 45 logistic regression models. The logistic regression equations modeled the probability of an HAI. The primary independent variable was PPH hospital admission. For example, the presence of CAUTI, VAP CLABSI, CDI, or any HAI was set as the dependent variable in the regression equations. The primary independent variable was 1 of the 8 PPH admission types or all PPH. Hospital admission records were excluded from the denominator population for 3 reasons: (1) if the patient age was less than 18 years, (2) the admission record was identified with an HAI not being evaluated, or (3) the admission record was identified with a PPH not being evaluated.
Other independent variables used to adjust the logistic regression models included age, gender, race, hospital characteristics, community characteristics, and health status as measured by the presence of comorbid conditions. For the 30 comorbid conditions, conditions were excluded from the regression models when the PPH under evaluation was associated with or similar to the comorbid condition. For example, the variable reflecting comorbid diabetes was excluded from regression models when evaluating the PPHs for short-term complications due to diabetes, long-term complications due to diabetes, and diabetes-related lower extremity amputation.
Results
Demographic and Independent Variables
Of the 2 937 134 discharges in the 2011 Texas inpatient data, 294 453 (10.0%) were excluded due to missing or invalid data. Nearly 6.5% of total discharges were excluded for missing gender and were attributed to the suppression of gender to protect the identification of individuals with a diagnosis of substance abuse or HIV. Among the remaining 2 642 681 discharges, 272 923 (10.3%) were identified as PPH, 14 219 (0.5%) included evidence of a potential HAI, and 986 (0.36% of PPH discharges) demonstrated evidence of co-occurring PPH and HAI. Compared to the general inpatient population, individuals with a PPH were older and more likely to have Medicare identified as their primary insurer (Table 1) .
Odds Ratios
When examined in aggregate, odds of acquiring an HAI in the PPH population were significantly lower than the remaining inpatient population, with odds ratios ranging from 0.335 (95% confidence interval [CI]: 0.295-0.381) for VAP to 0.729 (95% CI: 0.609-0.874) for CLABSI ( Table 2 ). Of the significant differences, men, white individuals, and individuals with congestive heart failure, paralysis, weight loss, and renal failure had higher odds of acquiring an HAI, except for the renal failure with CLABSI group. Conversely, individuals with hypertension had significantly lower odds of acquiring any form of HAI.
When we estimated the odds ratios for each HAI for the different types of PPH, we found the reduced odds of acquiring an HAI did not hold for patients admitted with a diabetesrelated lower extremity amputation (Table 3) . For the diabetes-related lower extremity amputation group, significantly higher odds of acquiring an HAI were reported for CDI (OR: 2.9; 95% CI: 2.16-3.91). However, despite increased odds of acquiring VAP (OR: 1.4; 95% CI: 0.95-2.18), CLABSI (OR: 1.7; 95% CI: 0.68-4.03), or CAUTI (OR: 2.2; 95% CI: 0.90-5.32) among this same group, the results were not significant, despite the substantial effect sizes.
Discussion
The reduced odds uncovered through our quantitative evaluation are consistent with PPH individuals potentially requiring less intensive acute care that translates into a decreased risk of acquiring an HAI. When considered from this perspective, comorbid conditions including congestive heart failure, valvular disease, renal failure, pulmonary circulation disorders, weight loss, and paralysis may be important HAI risk factors for PPH individuals. Regarding the reduced odds of acquiring an HAI for diabetes-related comorbidities, in addition to not requiring the invasive and antibiotic therapies, it is possible that the consciousness of providers regarding the heightened risks associated with infections and corresponding best practice treatment protocols for diabetic patients may also play a role in the reduced odds of HAIs.
Aside from lower extremity amputation among diabetic patients, individuals admitted with a PPH had odds approximately half those of the general inpatient population for acquiring an HAI. Thus, while population-based healthcare initiatives may encourage patients to use quality preventive care and chronic disease management to reduce preventable hospitalizations, it seems unlikely the reduced hospitalizations will translate to reduced HAI events.
For individuals with diabetes-related lower extremity amputation, their increased odds of acquiring any HAI are concerning. With significant odds of acquiring CDI at 2.9 times the adjusted non-PPH inpatient population, individuals admitted for diabetes-related lower extremity amputation may benefit from additional specialized care directed toward reducing contact with pathogens or the invasive procedures that increase the risk of acquiring the HAIs identified in this study.
Although administrative discharge data are not preferred or recommended for surveillance of HAI, it remains a valuable resource for policy and cost assessment. One limitation of using administrative data was the potential underidentification of HAI. Even with the enhanced methods for the identification of CAUTI and other forms of HAI, only 0.5% of discharges were identified with a potential HAI. Although our study did not attempt to identify all forms of HAI such as surgical site infection, administrative data continue to underidentify HAI according to the Centers for Disease Control and Prevention's (CDC) estimate of 4% of discharges. This may be attributed to the inability during secondary data analysis to link infection codes to the cause using the current coding system. Also, since there are ICD-9-CM codes for CAUTI, and the CDC's estimate of CAUTI in the hospitalized population is much higher than identified, it is probable that the data abstraction and coding processes are systemically misaligned with reporting HAI due to the disconnected billing and payment process.
However, we were able to identify a sufficient sample to evaluate the population affected. Although bias may exist toward individuals with more severe disease, we anticipate with the transition to ICD-10 more accurate reporting of CAUTI as there are at least 4 codes that specify the source of urinary tract infection as secondary to the indwelling catheter. Additionally, we were able to identify a sufficient sample size of HAI to identify significant relationships adjusting for numerous demographic and environmental factors. Therefore, this method should translate to other hospital subpopulations for examining the odds of acquiring an HAI or other rare event. All variable distributions were significantly different than the general inpatient population at p < .0001, except for the comorbid condition of paralysis that was not significantly different from the general inpatient population. c All variable distributions were significantly different than the general inpatient population at p < .0001, except for the comorbid condition of depression and measures of rurality that were not significantly different from the general inpatient population. d All variable distributions were significantly different than the general inpatient population at p < .05, except for hospital ownership, measures of rurality, public health benefits and the comorbid conditions lymphoma, blood loss anemia, and psychoses that were not significantly different from the general inpatient population. Odds ratios in bold are significant at p < .0001. Odds ratios are adjusted for age, gender, race, hospital characteristics, community characteristics, and comorbid conditions. c The denominator population for the logistic regression included all inpatient records that were not identified as potentially preventable and those records identified as the PQI identified with the PPH being evaluated.
